The influence of abscisic acid (ABA) on carbon metabolism, rate of photorespiration, and the activity of the photorespiratory enzymes ribulose bisphosphate oxygenase and glycolate oxidase in 7-day-old barley seedlings (Hordeum vulgare L. var. Alfa) was investigated. Plants treated with ABA had enhanced incorporation of labeled carbon from "CO2 into glycolic acid, glycine, and serine, while '4C incorporation into 3-phosphoglyceric acid and sugarphosphate esters was depressed. Parallel with this effect, treated plants showed a rise in activity of RuBP oxygenase and glycolic acid oxidase. The rate of photorespiration was increased twofold by ABA treatment at IO' molar while the COrcompensation point increased 46% and stomatal resistance increased more than twofold over control plants.
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Intense research has been conducted in recent years to clarify the regulatory role of phytohormones on the photosynthetic process. ABA has been a primary object of study, since up to 90% of its total content in mesophyll cells is located within the chloroplast (6) . Although the site of ABA biosynthesis has not been sufficiently documented (5, 14, 15) , it has been indisputably demonstrated that ABA influences electron transport (1) involved in CO2 fixation and reduction (17) and in carbohydrate and nitrogen metabolism (7, 22) . ABA also inhibits formation of the membrane system of the plastids (8) and Chl biosynthesis (2) . Compared with the control, leaves of ABA-treated plants have a lower Chl content, lower CO2 fixation rate, and lower activity of RuBPCase2 in barley and PEPCase in maize (17) (18) (19) .
Two possibilities exist to explain the mechanism of action by ABA on photosynthesis: (a) an indirect effect mediated by stomatal closure causing a reduction in CO2 supply (3) ; or (b) direct effect on the photosynthetic machinery, although this mechanism has not been clarified (20) . According to the second hypothesis, ABA They were allowed to fix '4C02 for 10 min. The reaction was killed by adding boiling 80% ethanol. Tissues were subsequently extracted eight times with boiling ethanol of the same concentration. Combined extracts were brought to dryness in vacuo at 40°C and were dissolved in 10 ml distilled H20. An aliquot was measured into 5 ml of scintillation fluid for radioactivity assay using a Packard Tri-Carb liquid scintillation counter.
The radioactive products of photosynthesis were analyzed by taking aliquot samples ofthe water-soluble mixture (usually 100 ,ul) and subjecting them to a combination of two-dimensional paper chromatography and autoradiography. The solvent system used was 98% ethanol: 1 M ammonium acetate: 0.1 M EDTA (75:30:1, v/v) for the first dimension, and n-butanol:propionic acid: H20 (10:5:7, v/v) for the second dimension. The chromatograms were exposed to X-ray films (Fuji Photo Film). Radioactive areas from chromatograms were located and radioactivity in each compound was determined by elution with 10% ethanol, followed by scintillation counting. Counting efficiency was 93%. Percent recovery of radioactivity from chromatograms ranged from 85 to 95%. Results were expressed as a percent of the total "CO2 fixation.
Enzyme Assays. The second leaf tissues of 7-d-old seedlings were harvested. Leaf tissue without the major veins was ground in a mortar on ice at a ratio of 1 g fresh weight to 5 ml cold extraction medium containing the above buffer for CO2 fixation. The homogenate was filtered through four layers of cheesecloth and centrifuged at 20,000g for (Tables I and II) . There was only a slight inhibition of the incorporation of labeled carbon into the sugar phosphate fractions and of the same degree stimulation into the organic acid fraction (Table I ). Significant differences were observed among the individual compounds (Table II) . ABA-treated and control plants showed greatest differences in 14C incorporation into 3-PGA, glycine, serine, glycolic acid, and certain amino acids and sugars. The amounts of labeled glycine and serine are nearly twice as high as those of the controls. There is an almost 40% increase in the labeling of glycolic acid. At the same time this hormone sharply reduced the relative incorporation of carbon into 3-PGA.
The absence of differences in the labeling of aspartic acid, malic acid, and PEP (and also generally in the proportion organic acids) did not support the hypothesis of Sankhla and Huber (23) on the role of ABA as a regulator of the balance between the C3 and C4 pathways of photosynthesis.
The results of the present investigation provide grounds for the prediction that ABA acts on certain units of the carbon photorespiratory metabolism. This hypothesis made it necessary to determine the intensity of photorespiration, stomatal resistance, the CO2 compensation point, and the activity of the photorespiratory enzymes-RuBP oxygenase and glycolate oxi- RuBP oxygenase and glycolate oxidase activities were greater in plants treated with ABA (Table III) . The activity depends on the ABA concentration. The greatest effect was found with 10-4M ABA; 10-6M causes almost no change in the activity of RuBP oxygenase, but its positive effect on the activity of glycolate oxidase is preserved. The effect of ABA on the activity of photorespiratory enzymes is consistent with the rate of photorespiration (Fig. 1) , and about the value of stomatal resistance (Table IV) . Figure 1 shows the dependence of the net CO2 exchange rate on the ambient concentration of the CO2 in the controls (B) and in the plants cultivated on 3 -PGA, and also in aspartic and glutamic acids, while a larger proportion of 14C was found in the products of the photorespiratory carbon metabolism: glycolic acid, glycine, and serine. These results are consistent with the inhibiting effect of the growth regulator on the rate of photosynthetic CO2 fixation and on the activity of RuBPCase data established by us and other authors as well (17, 23) . On the other hand with ABA treatment, the RuBP oxygenase and glycolate oxidase activities were increased, and more 14C was incorporated into the products of photorespiratory carbon metabolism. ABA influences the flow of carbon in the photosynthetic process, which results in a change in the ratio between the reductive and oxidative actions of photosynthesis and photorespiration. The results provide no categorical explanation of the mechanism of ABA action.
The first possibility is an indirect effect mediated by the effect of ABA on stomatal closure: decrease in the partial pressure of CO2 and change in the C02/02 ratio in the chloroplasts. Supporting the hypothesis about stomatal effects of ABA on photosynthesis are Mawson et al. (13) , who report an absence of ABA effects on the rate of photosynthesis in cells isolated from Phaseolus vulgaris, Nicotiana tabacum, and Lycopersicum esculentum. The hypothesis ofABA action mediated by stomatal closure is valid only upon a sharp rise in ABA concentration, resulting from an application of exogenic concentration or a sudden stress (water or temperature). Two to three h are needed for the onset of partial restoration after a certain period during which the stomata are closed (20) . Under Another mechanism may explain the action of ABA, i.e. regulation of the synthesis of some chloroplast proteins or on the kinetic characteristics of the RuBP carboxylase-oxygenase. This hypothesis is supported by our results indicating a rise in the CO2 compensation point in ABA-treated plants. Raschke and Hedrich (20) made a similar observation with a number of plants of C3 and C4 types of photosynthesis.
Direct action of ABA on photosynthesis has been suggested. Bauer et al (1) reported that ABA induced an inhibition of CO2 fixation in duckweed (Lemna minor) fronds, plants which have nonfunctional stomata. This effect was accompanied by reduced Hill reaction activity. The authors assume that ABA treatment acts directly on the photosynthetic apparatus, in addition to its action on the stomata.
It is well established that ABA induces strong inhibition of DNA and RNA synthesis (16, 24) . More recent reports concern the inhibiting effect of ABA on the synthesis of chloroplastic rRNAs in pumpkin cotyledons (10) . These results lead to the assumption that, as a consequence of the inhibition of the synthesis of the plastid rRNAs, there will also be inhibition of the synthesis of a number of chloroplast proteins, certain photosynthetic enzymes included.
The mechanism of ABA action on the carboxylating capacity of RuBPCase is not clear, but when ABA is increased there is inhibition of the enzyme activity. Nor should we rule out the possibility of a direct effect of ABA on the conformation properties of the allosteric enzyme RuBP carboxylase oxygenase which leads to changes in some of its kinetic characteristics.
